Rheumatic heart disease (RHD) remains an important cause of heart failure in sub-Saharan Africa (SSA), 1, 2 and RHD associated with valvular atrial fibrillation (AF) is also common on the continent. 3 Among the regions enrolled in the Randomised Evaluation of Long-Term Anticoagulation Therapy in Atrial Fibrillation (RE-LY-AF), a global prospective registry that enrolled patients presenting to an emergency department with AF, RHD was present in 22% of African patients compared with 2% of North American patients. 3 The risk of AF increases multiple-fold in the presence of heart failure (HF) and valvular disease. 4 The prognostic influence of the presence of AF in HF remains controversial, with some studies illustrating an independent adverse effect on mortality rate. 5, 6 In a recent meta-analysis of 16 studies comprising more than 50 000 patients with chronic HF, Mamas and colleagues showed that AF was associated with an adverse effect on total mortality rate. 7 From a cohort of 1 006 African patients admitted with acute heart failure (AHF) and enrolled in the sub-Saharan Africa Survey of Heart Failure (THESUS-HF) registry, we analysed the burden, clinical characteristics and outcomes of AF in general and valvular AF in particular among acute HF patients in sub-Saharan Africa.
Methods
THESUS-HF was a prospective, multicentre, international observational survey of acute HF in 12 cardiology centres from nine countries in sub-Saharan Africa. 2 All participating centres had a physician trained in clinical cardiology and echocardiography.
Patients, who were older than 12 years, admitted with dyspnoea as the main complaint, and diagnosed with acute HF based on symptoms and signs that were confirmed by echocardiography (de novo or decompensation of previously diagnosed HF), were enrolled consecutively. Patients excluded were those with acute ST-elevation myocardial infarction, severe known renal failure (patients undergoing dialysis or with a creatinine level of > 4 mg/dl), nephrotic syndrome, hepatic failure or another cause of hypoalbuminaemia.
Written informed consent was obtained from each subject who was enrolled into the study. Ethical approval was obtained from the ethical review boards of the participating institutions, and the study conformed to the principles outlined in the Declaration of Helsinki.
Details of data collection have been previously described. 2 In brief, we collected demographic data, detailed medical history, vital signs (blood pressure, heart rate, respiratory rate and temperature), and signs and symptoms of HF (oxygen saturation, intensity of oedema and rales, body weight and levels of orthopnoea). Assessments were done at admission and on days one, two and seven (or discharge if earlier).
Electrocardiograms were done and read using standard reference ranges. All ECGs were read centrally at the Momentum Research Inc by one cardiologist and reviewed by a second cardiologist. ECGs were analysed for conduction or rhythm disturbances, evidence of myocardial ischaemia/infarction or hypertrophy. AF was defined as either a history of documented AF or a finding of AF on the admission ECG. The information obtained was entered in the database registry together with other clinical data.
A detailed echocardiographic assessment of ventricular contractility, valvular structure and function, as well as regional wall abnormalities was performed. All echocardiographic procedures were undertaken by trained physicians, and measurements were made according to the American Society of Echocardiography Guidelines. 8 The probable primary cause of HF was provided by the investigators, based on the European Society of Cardiology (ESC) guidelines 9 as recently applied in the chronic HF cohort of the Heart of Soweto Study. 10 RHD was defined based on clinical and echocardiographic criteria. 11, 12 Information on readmissions and death, with respective reasons and cause, was collected over the six-month follow up. Outcomes of interest were readmission or death within 60 days, and death within 180 days.
Laboratory evaluations provided by the local institutions and intravenous and oral medications were recorded at admission, and on days one, two and seven (or discharge if earlier). Vital signs (blood pressure, heart rate, respiratory rate and temperature), and signs and symptoms of HF (including oxygen saturation, intensity of oedema and rales, body weight, levels of orthopnoea) were assessed at the same time points. Changes in dyspnoea and well-being relative to admission were assessed on days one, two and seven (or discharge if earlier).
Subjects who were discharged after admission were evaluated at one and six months' follow up. At these time points, patients were evaluated for signs and symptoms of HF, laboratory evaluations were performed, and oral medications recorded. Readmissions and death, with respective reasons and cause, over the six months of follow up were collected.
Statistical analyses
All data were processed at the central coordinating centre at Momentum Research, Durham, North Carolina, USA. Data were analysed with the use of SAS version 9.3 (SAS Institute, Cary, North Carolina). Summary statistics (mean, SD, median, and 25th and 75th percentiles) are provided for continuous variables and frequencies for categorical variables. Unless otherwise stated, a chi-squared test was used for categorical variables, the CochranMantel-Haenszel test for ordinal variables, and Wilcoxon test for continuous variables to examine comparisons between groups.
AF classification was based on subjects either having a history of AF or the presence of AF on an ECG taken at admission. Baseline characteristics by AF status are presented, as well as characteristics between patients with valvular and non-valvular AF. Comparisons between valvular and non-valvular AF patients are presented to examine differences in the following outcomes: length of index hospitalisation, time to first rehospitalisation within 60 days, all-cause mortality within 180 days, and the composite endpoint of time to all-cause mortality or rehospitalisation within 60 days.
For length of index hospitalisation, least-square means and the difference between least-square means are presented. For time-to-event outcomes, Cox regression models were used with times for patients without the event of interest being censored at the earlier of the last date the patient was known to be alive or the period of interest for the specific outcome. Kaplan-Meier estimates, hazard ratios and 95% confidence intervals are given, with the log-rank test used for comparison between groups.
Two patients who were classified with AF but were missing valvular disease status were excluded from tables comparing valvular disease in only those patients with AF. Imputation for missing values was done only when examining associations after adjustment for potential confounders using multivariable models. For multivariable modelling, these two patients were counted as having neither valvular AF nor non-valvular AF. Anticoagulation use over time is also presented as the frequency of use by AF and by valvular/non-valvular disease in only those patients with AF by time point.
The prognostic value of valvular and non-valvular AF was examined in multivariable models for the outcomes all-cause mortality within 180 days and the composite endpoint all-cause mortality or rehospitalisation within 60 days. The multivariable models were adjusted for significant clinical covariates from multivariable prognostic models previously constructed for these outcomes in the overall THESUS-HF registry. 13 To account for missing data, multiple imputations were used with seven imputed datasets. Of the 11 baseline variables included in the multivariable model for 180-day mortality, 278 (27.6%) patients were missing one variable, 57 (5.7%) were missing two, nine (0.9%) were missing three, and four (0.4%) were missing four or more. Of the seven baseline variables included in the multivariable model for 60-day death or HF rehospitalisation, 205 (20.4%) patients were missing one variable, 44 (4.4%) were missing two, five (0.5%) were missing three, and none was missing four or more. Rubin's algorithm was used for averaging parameter estimates across the imputed data-sets.
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Results
There was a total of 1 006 patients in the THESUS-HF registry. The mean (SD) age of the patients was 52.3 (18.3) years, 511 (50.8%) were women, and the predominant race was black African (98.5%). As reported previously, 16 the primary aetiology of heart failure was most commonly hypertension (n = 363, 39.5%), followed by idiopathic dilated cardiomyopathy (n = 136, 14.8%) and rheumatic valvular heart disease (n = 137, 14.9%), with ischaemic HF in only 72 (7.8%) patients.
AF was present in 209 (20.8%) of the 1 006 patients. In the previous THESUS-HF publication, 2 prevalence was documented to be 18.3% because only those who had AF on the admission ECG were analysed. Table 1 shows the baseline patient characteristics by AF status. In both the AF and non-AF groups, about 80% of the patients were in NYHA class II or III one month prior to admission. Compared to the patients without AF, the patients with AF were older (mean age 57.1 vs 51.1 years) and more likely to be female (57.4 vs 49.1%). They also had significantly lower systolic (125 vs 132 mmHg) and diastolic (81 vs 85 mmHg) blood pressures and higher mean heart rates (109 vs 102 bpm).
Ninety-two (44%) of the 207 AF patients had valvular heart disease. Compared with those without valvular disease, these patients were younger (mean age 52 vs 61 years), had lower systolic blood pressure (120 vs 128 mmHg) and higher left ventricular ejection fraction (LVEF) (47 vs 38%). Fifty-seven per cent had LVEF ≥ 45%. Among patients with non-valvular AF, 61% had hypertensive heart disease. The other baseline characteristics were similar in the two groups (Table 2) .
Anticoagulation prescription rates were low in this cohort of patients and decreased progressively over time. At six months, only 22% of patients with AF were on oral anticoagulants. For the AF patients, 33% of the patients with valvular AF and 12% of those with non-valvular AF were on anticoagulants at six months' follow up (Table 3) . For aspirin, a greater proportion of patients with AF than without AF were on aspirin one month prior to admission (29 vs 20%), but on and after admission the proportions did not differ significantly.
As shown in Table 4 , the mean length of the hospital stay was 1.6 days longer in patients with valvular AF than for patients with non-valvular AF, although this was not statistically significant (p = 0.14). Patients were followed for a median of 180 days. Of 151 total deaths over 180 days, 20 occurred among AFRICA patients with valvular AF and 13 among those with non-valvular AF. A total of 70 patients, among them two with valvular AF and 10 with non-valvular AF, were lost to follow up within six months but were included in estimated rates as censored observations. Four patients with valvular AF and 11 with non-valvular AF were rehospitalised within 60 days; 16 patients in each group were either rehospitalised or had died by day 60. The unadjusted risk of 180-day mortality rate in patients with valvular AF was twice that in patients with non-valvular AF [hazard ratio (HR) 2.11, 95% CI: 1.05-4.24, p = 0.032], while the unadjusted risks of 60-day rehospitalisation did not differ significantly. Without adjustment for potential confounding factors, neither valvular nor non-valvular AF was associated with 60-day readmission, while valvular but not non-valvular AF was associated with 180-day all-cause mortality (Table 5) .
Adjustment for clinical characteristics found to be prognostic of the outcomes 13 and therefore possible confounders had little effect on these estimated associations. Valvular AF was not a significant predictor of all-cause death or readmission within 60 days (Fig. 1) (HR 1.39, 95% CI: 0.80-2.42, p = 0.24) but was associated with all-cause death within 180 days (HR 1.61, 95% CI: 0.99-2.62, p = 0.056) (Fig. 2) . On the other hand, non-valvular AF was not a significant predictor of either all-cause death or readmission within 60 days (HR 0.99, 95% CI: 0.58-1.68, p = 0.96) (Fig. 1) or the outcome all-cause death within 180 days (HR 0.70, 95% CI: 0.39-1.26, p = 0.23) (Fig. 2) .
Discussion
We found AF to be present in 20.8% of AHF patients. Fortyfour per cent of the patients with AF had valvular heart disease. Sixty-one per cent of the patients with non-valvular AF had hypertension. The presence of AF was not associated with the primary endpoints, but having valvular AF predicted death within 180 days.
To the best of our knowledge, this is the first sub-Saharan African study to assess the prevalence and clinical characteristics Hazard ratio from Cox regression model presented for rehospitalisation, death, and death/rehospitalisation outcome.
of AF in patients hospitalised for AHF. Significantly, this study describes an important sub-population of patients with AF, namely AF due to valvular (mostly rheumatic) heart disease, which is still relatively prevalent in sub-Saharan Africa. [17] [18] [19] [20] [21] The prevalence of AF was 21%, which is generally lower than that reported in previous studies, ranging between 23 and 41%. [22] [23] [24] [25] Among acutely decompensated HF patients, 20 to 35% will be in AF at presentation. 26 This difference may be due to the fact that in sub-Saharan Africa, patients with AHF are younger and have less incidence of ischaemic heart disease. Indeed in the Heart of Soweto HF cohort, AF occurred in only 6.6% of all 2 393 HF cases within the entire study cohort. 17 This however was not in the acute decompensated HF setting.
RHD was the third commonest cause of HF in the THESUS-HF study after hypertension and idiopathic dilated cardiomyopathy. 2 Almost half of all those with AF in this study had valvular disease compared to 23% in those without AF. Valvular heart disease has long been associated with the development of AF. Populationbased estimates from the Framingham data revealed that valvular disease was associated with a 1.8-fold increase of risk of AF in men and a 3.4-fold increased risk in women. 27 Although any valvular pathology can be related to AF, stenotic left-sided valvular lesions (and in particular RHD) have the highest prevalence rates. Severity of the obstruction follows a dose-response relationship: prevalence of AF was 9.1% in patients with mild-to-moderate aortic stenosis and 33.7% among those with severe stenosis. 28, 29 Likewise, the prevalence of AF varies with the complexity of RHD: from 16% with isolated mitral regurgitation to 29% with isolated mitral stenosis, to 52% with coexisting mitral regurgitation and stenosis, and to 70% with mixed mitral and tricuspid valve disease. 30 We found low rates of anticoagulation in this cohort. In a prospective study of AF patients in Cameroon, only 34% of patients with an indication for oral anticoagulation received it; 31 similar to the 33% of patients with AF who received warfarin in the Heart of Soweto study. 17 In this study 52% of our patients with AF received oral anticoagulants. By contrast, a much higher percentage of patients received an anticoagulant in Senegal, where in a retrospective hospital-based study, anticoagulation with warfarin was established in 62% of cases. 32 In the REMEDY registry, 18 40.7% of patients had indications for oral anticoagulants and they were prescribed in 69.5% of patients. The use of oral anticoagulants was high in patients with mechanical heart valves (91.6%) and AF (68.6%), but low in those with mitral stenosis in sinus rhythm with either dilated left atrium or left atrial thrombus (20.3%) .
A study at a private urban referral teaching hospital in Nairobi, Kenya, found that 80% of patients with AF and a CHADS2 score of 2 received anticoagulation. 33 Similarly, a recent observational multicentre national registry in South Africa indicated that 75% of patients with AF were on warfarin for stroke prevention. 34 We did not collect data on the quality of anticoagulation control in this study.
The presence of AF was not associated with all-cause death or readmission within 60 days, but having valvular AF predicted death within 180 days. Eapen and colleagues 35 investigated the associations between AF and early outcomes of patients with HF. They found AF to be associated with 30-day mortality in patients with preserved ejection fraction but not in those with reduced ejection fraction.
Our data should be interpreted in the context of their limitations. The variable timing of the ECG may have affected the specific results obtained, given that the ECGs were accepted if they were recorded within two weeks of admission. Secondly, our results are drawn from a population of young AHF patients predominantly with systolic dysfunction. Consequently, these findings may not apply to older patients or to those with preserved LVEF. Finally, the study was conducted in selected specialised centres, and only patients who consented to the study were enrolled; therefore not all patients admitted with AHF were represented and the study's generalisability may be limited. However, we have increased our understanding of the growing importance of cardiovascular disease in this population, who now suffer from the double burden of communicable and non-communicable diseases.
Conclusion
AF is present in one-fifth of sub-Saharan African patients with AHF. Almost half of the AF patients have valvular disease (RHD) and are significantly younger. Valvular AF was associated with all-cause death within 180 days but was not a significant predictor of all-cause death or readmission within 60 days. The prescription rates of anticoagulation with warfarin were low in this cohort. 
